Variable capacitors, the varactors, are key components in many types of radiofrequency circuits and thus high quality varactors are essential to achieve high quality factors in these devices.
INTRODUCTION
The advances made over the last few years in development of the wireless communications has skyrocketed the number of RF components that are being sold each year. Variable capacitors are key components in many types of radiofrequency circuits: tunable filters [1] [2] , VCOs [3] [4] , frequency multipliers [5] . The RF performance of these circuits, with silicon technologies, has experienced a spectacular advance. In the design of high performance RF transceivers varactors with high quality factor are needed. In case of VCOs, the varactor Q-factor, which is coupled in parallel with the inductor, determines the phase noise and power consumption [6] .
Generally, integrated varactors can be implemented using PN-junctions (diodes) or MOS structures [7] [8] [9] [10] [11] [12] . Junction varactors are implemented as P + to N-well junctions in standard CMOS processes. The N + diffusions are placed on Nwells to generate ohmic contacts, the cathode, and the P + substrate is usually connected to ground, the anode. It is well known that the value of the junction capacitance is controlled by the reverse biased voltage, which is defined from the cathode to the anode. These reverse-bias junctions exhibit smooth changes of capacitance with bias voltages and, therefore, better linearity than MOS varactors [8] . Moreover, the PN junctions show higher Q-factor, but lower tuning range, TR [11] .
On the other hand, the capacitance is strongly dependent on the varactor´s layout, which has a great impact on large size varactors. Thus, one way of optimizing the capacitance/area ratio of an integrated varactor is to modify its layout geometry. In this work we analyze the effect that the separation and depth of N + diffusions have on the quality parameters of a varactor. The analysis was carried out for several layout geometries that were constructed using the same number of basic cells. A total of 8 varactors have been designed, simulated, fabricated and their parameters measured. This paper is organized as follows. Section 2 presents the design methodology used for fabrication of the varactors. The fabrication process and measurements procedure are described in Section 3. Results of measurements are presented in Section 4. Finally, conclusions are drawn in section 5. *margarita@iuma.ulpgc.es; phone +34 928 457320; fax +34 928 451083
DESIGN METHODOLOGY
The varactors were fabricated in 0.35 µm SiGe standard process of AMS, for radiofrequency applications. In all varactors a buried N + layer has been used, combining layers from bipolar and MOS transistors technological processing.
Eight PN-junction integrated varactors have been designed and measured. Based on the type of used N + diffusions they are divided in two groups. The varactors belonging to the first group have all N + diffusions connected to the N + -buried layer (see Figure The corresponding cell units with the layout structure of 2 nd group, are represented in Figure 3 . It should be noted that the cell unit for the 2 nd group is made up from two adjacent basic cells. The designed varactors are formed by horizontally and vertically overlapping 42 basic cells. That is, the varactors from the 1 st group: VA1, VB1, VC1 and VD1, contain 42 cells A1, B1, C1 and D1, respectively, with a resulting area of 1795.74 µm 2 (51.9 x 34.6). The varactors from the 2 nd group, VA2, VB2, VC2 and VD2, contain 21 structures A2, B2, C2 and D2, respectively, with a total area equal to 1288.92 µm 2 (46.7 x 27.6). In all varactors the connections to ports are made with longitudinally oriented metal.
MEASUREMENT
The varactors were fabricated in 0.35µm HBT BiCMOS technology of AMS, and measured with Agilent 8720ES VNA and Cascade Microtech Summit TM 9000 (see Figure 4) . To calibrate the measurement system, the short-open-loadthrough (SOLT) method was used. Varactors had been designed with measurement structures in order to use the Cascade GSG microprobes. The de-embedding method determinates the parasitic elements which appear in the measurement structure of the varactor under test. The de-embedding method is based on the four step de-embedding method [13] . Varactors parameters were measured for bias voltages from 0 to -5V, applied between the anode, terminal P + , and the cathode, terminal N + , in a wide range of frequency, from 0.5 GHz to 10 GHz.
The tuning range, TR, was calculated as in (1), where the C max and C min represent varactor´s maximal and minimal capacitance, respectively. The values of C max and C min are the capacitance values obtained, respectively, for the most negative (in our case -5V) and null applied voltage 0V. 
RESULTS AND COMPARISON
In this section we present and comment on the results of the study on the variation of the basic parameters of varactors, namely, the TR and the Q-factor, when the depth and separation of N + diffusions are changed.
The results are presented for varactors belonging to both of the tested design groups. In order to compare both groups, the maximum capacitance per unit area has been measured at 2 GHz. The results are presented in Figure 5 . The maximum capacitance per unit area varies from 0.18 to 0.50 fF/µm 2 . The highest capacitance is obtained with C cells because they have the biggest P + area. For structures based on the A and B cells the varactors from the 2 nd group show higher capacitance. Nevertheless, varactors based on C and D cells note similar capacitance values for both groups, independently of the buried N + diffusions. This is thought to be caused by cells overlapping, which results in little variation in the size of the areas of P + diffusions between the two groups. The TR and minimum Q-factor values noted for all varactors at an operation frequency of 5 GHz, are presented in Figures 6 and 7 
CONCLUSIONS
We have compared two groups of varactors with the same number of basic cells but with different separations and depths of N + diffusions. The varactors belonging to the 1 st group have all N + diffusions connected to the N + -buried layer. The varactors from the 2 nd group are built using cells that internally have a floating N + diffusion and with cell pairs separated from one another by a longitudinal N + diffusion connected to the N + buried layer.
A total of 8 varactors, 4 geometrical layouts per each group, were fabricated, their main parameters, namely the tuning range and the Q-factor, measured and analyzed. Carried out measurements show that the varactors from the 1 st group offer better TR. On the other hand, the varactors from the 2 nd group achieve better Q-factor and require 28.22% less area.
The minimum capacitance per area unit was noted for varactors from the 1 st group which have a N + diffusion in a form of a cross, surrounded by four corners of P + diffusions. For both groups the maximum capacitance was obtained with varactors with central rectangle of N + diffusion, surrounded by P + diffusions shaped as "doughnut". The maximal TR value was noted also for the former type of varactors, but in this case the value noted for varactor belonging to the 1 st group was higher. Finally, the Q-factor noted for the varactors from the 2 nd group was at least 1.25 times higher than the one obtained for their counterparts from 1 st group (noted for varactors with a cross-form N + diffusion, surrounded by two C-form P + diffusions).
